Effects of osmotic stresses on apoptotic cell death of a fish cell line (Epithelioma Papulosum Cypri ni, EPC) were investigated. EPC showed DNA fragmentation, which is a biochemical feature of apop tosis, under hypertonic stress, when exposed to 400-600 mOsm/kg media with sodium chloride sup plementation. Similar results were obtained upon exposure to 450 mOsm/kg medium with sorbitol. DNA fragmentation increased significantly within 3 h after exposure to the hypertonic stress. Nuclear condensation, which is a morphological hallmark of apoptosis, was also observed in the culture of EPC exposed to hypertonic stress. The amount of native nucleosomal DNA was evaluated to find whether the whole cell population undergoes apoptosis. As a result, hypertonicity below 500 mOsm/kg trig gered apoptotic cell death only in a part of the whole cell population, while 600 mOsm / kg brought about cell death in a large proportion of the population by necrosis as well as apoptosis. In contrast, hypotonic media (150 and 200 mOsm/kg) did not induce DNA fragmentation. DNA fragmentation of EPC induced by hypertonic stress was suppressed in the presence of Zn2+, suggesting that a Zn2+-sus ceptible endonuclease(s) may be responsible for cleavage of nucleosomal DNA.
Apoptosis
is a physiological and pathological mode of cell death in an active and inherently controlled manner.1-3) It occurs in the normal processes of develop ment and differentiation, [4] [5] [6] [7] [8] [9] or in response to moderate damaging stimuli such as environmental stress and nox ious agents,10-13) In contrast to necrosis, cell death by apop tosis is accompanied by some morphological changes in cluding condensation of nucleous and cytoplasm and thier budding into multiple apoptotic bodies." Biochemical fea tures of apoptosis are characterized by a well-defined phenomenon of DNA fragmentation resulting from the digestion of chromatin at the internucleosomal linker regions. The DNA fragmentation events can be observed as a typical ladder pattern on agarose gel electrophoresis, and are defined as a biochemical hallmark of apoptosis.2) Cell death by apoptosis seems to be physiologically meaningful in the sense that it avoids an inflammatory response by preventing intracellular materials from leak ing. 14) Osmotic change is one of the environmental stresses and can directly cause the leakage of intracellular material by cell shrinking or swelling.
Fish cells seem to be a good model for the physiological studies on cellular response to osmotic stress, because there is a considerable number of chances for fish to en counter a variety of osmotic pressure for fish cells particu larly epithelial cells like EPC. Thus, they are likely to be equipped with a highly advanced system for responding to osmotic stress. In fact, we previously reported that several fish cell lines exhibited a different growth pattern in hyper and hypotonic environments from mammalian cell lines.15) To date, however, cell death as an environmental response of fish cells has not been well characterized.
In this study, we investigated the effects of a wide range of osmotic pressure on the DNA fragmentation using the carp epithelial cell line EPC, which originated from a skin hyperplastic lesion. Fluorescence Microscopy with Hoechst 33258 Staining Cells were plated and pre-incubated under the same con dition except for the use of 24-well plate. After exposing the cells to various osmotic stresses, the culture medium was removed and the cells were fixed by PBS containing 1% glutaraldehyde. DNA staining was done in PBS con taining 1 mm Hoechst 33258 (Nacalai Tesque) at room tem perature for 30 min. Apoptotic nuclear morphology was observed in the fluorescence microscope (Olympus) with UV/blue filter (.1400-440).
Inhibition of DNA Fragmentation
ZnCl2 was added to the medium at a final concentration of 1 mm at 1 h before the exposure to stresses. The cells were exposed to stresses in the presence of 1 mm ZnC12. Effects of Osmotic Pressure on DNA Fragmentation in EPC To prepare various osmotic media, the concentration of sodium chloride in MEM was decreased or increased to give each osmotic pressure (150-600 mOsm/kg, see Media in Materials and Methods). When EPC was exposed to hypertonic (450 mOsm/ kg) medium, the extent of DNA fragmentation was significantly increased in comparison with the case of 300 mOsm/kg (Fig. 1 mOsm/kg) medium did not induce any significant DNA fragmentation (Fig. 1) .
To investigate in detail the effects of osmotic pressure as an inducer of apoptosis, we tested for the DNA fragmenta tion in 150, 200, 300, 350, 450, and 600 mOsm/kg media. The assay showed that treatments with 150-350 mOsm/kg media did not trigger apoptosis within 3 h (Fig. 2) . The same result was obtained in 150 and 450 mOsm/kg media (Figs. I and 2) .
In order to assess the accuracy of the DNA fragmenta tion assay and to estimate the population of the cells which did not undergo apoptosis, the insoluble fraction of the cell lysate which contained non-fragmented genomic DNA of living cells was solubilized by SDS treatment and elec trophoresed on an agarose gel (Fig. 2) . Approximately an equal amount of genomic DNA was observed for each medium with various osmotic pressures (150-450 mOsm/kg), suggesting that most of the population did not undergo apoptotic cell death, even in 450 mOsm/kg medium where significant DNA fragmentation was ob served. However, the amount of genomic DNA was mar kedly decreased when treated with 600 mOsm/kg medi um.
Cell death by apoptosis is known to be generally accom panied by morphological changes due to nuclear condensa tion or generation of apoptotic bodies.20) To know whether cell death of EPC triggered by osmotic stress ex hibits condensed nuclei, nuclear morphology was assessed by fluorescence microscopy as for EPC treated with 150, 300, and 450 mOsm/kg media for 3 h. A large number of condensed nuclei stained by DNA-specific dye Hoechst 33258 were observed in 450 mOsm/kg, while very few were seen in 150 and 300 mOsm/ kg (Fig. 3) . A smaller but significant number of condensed nuclei were observed in 400mOsm/kg medium (data not shown). Large nuclei dimly luminous on the background of each microphoto graph indicate the population of the cells which were alive and attached on the dish (Fig. 3) . These data confirm that the treatment with 450 mOsm/kg medium brought about cell death by apoptosis in a small portion of the popula tion in EPC culture. In order to know whether longer treatment with hyper tonic media increases the incidence of DNA fragmenta tion, incubation time was extended to 9 h (Fig. 4) . In 400 and 450mOsm/kg, increasing amounts of fragmented DNA were observed from 1 h to 3 h after the osmotic changes. But no further increases were seen in both media. No significant DNA fragmentation was detected in 350 mOsm/kg medium.
Severer stresses were given with 500 and 600 mOsm/kg media and the incidences of apoptotic cell death were ex amined by DNA fragmentation assay (Fig. 4) . The amounts of fragmented DNA increased during the first 3 h after the osmotic changes in 500 mOsm/kg. Interestingly, less DNA fragmentation was observed in higher osmotic medium, 600 mOsm/kg. In order to evaluate in detail cell death in 600 mOsm/kg, trypan blue staining was done to assess cell death at 3 h after exposure. Approximately 65% of the population in 600 mOsm/kg medium was stained while less than 5% of the cells in 150-500 mOsm/kg media were stained (data not shown). These results suggest that EPC died by necrosis as well as by apoptosis in the osmot ic pressure of 600 mOsm/kg.
Effect of Hyperosmolarity by Sorbitol Supplementation on Apoptosis
In order to know whether apoptosis triggered by hyperosmolarity is influenced by difference in ionic activity of the osmolytes, we investigated the effect of sorbitol on cell death of EPC, using 450 mOsm/kg medium with sor DNA fragmentation was examined 1 h, 3 h, 5 h, 7 h, and 9 h after exposure to 300 (control), 350, 400 and 450 mOsm/kg media. The culture before exposure is shown as 0 h. 'M' stands for DNA mar ker.
(lower) Response to Severer Hypertonic Stress. DNA fragmentation was examined 1 h, 3 h, and 5 h after exposure to 300 (control), 500 and 600 mOsm/kg media. The culture before exposure is shown as 0 h. 'M' stands for DNA marker. DNA fragmentation was analyzed in the cultures exposed to hyper tonic media with sodium chloride (NaCl) or sorbitol for 1 h, 3 h, 5 h, and 7 h. The culture before exposure is shown as 0 time. bitol. DNA fragmentation was examined in comparison with 450 mOsm/ kg with sodium chloride. Addition of sor bitol to the medium induced apoptotic cell death in both microscopic observation (Fig. 3) and DNA fragmentation assay to a similar extent to the case of sodium chloride (Fig. 5) .
Inhibition of DNA Fragmentation by Zn2+
Several endogenous DNases have been reported to be in volved in the executing step of apoptosis by cleaving nucleosomal DNA . [21] [22] [23] [24] [25] [26] [27] In EPC, the DNA fragmentation induced by hypertonic stresses (both 450 and 500 mOsm/kg) as well as by heat shock, UV irradiation, and actinomycin D was partially suppressed by 1 mm Zn2+ ion (Fig. 6) .
Discussion
In the present study, we demonstrated the suitability of the DNA fragmentation assay for investigating the response of a fish cell line, EPC to various environmental stresses. By employing this assay, UV irradiation and heat shock, which are known as triggers for apoptosis in mam malian cells, were also shown to be inducers for apoptosis in EPC (Figs. 1 and 2 ). In addition, actinomycin D was shown to be a noxious agent which induces DNA fragmen tation in EPC (Figs. 1 and 2) , although it inhibited apopto sis in some kinds of mammalian cells.17,28) Serum-removal did not induce apoptosis in EPC, while it often causes cell death by apoptosis in mammalian cells.3,19) 
